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ABSTRACT 

This,  the  first  report  containing  North  American  Aviation 
Incorporation's  data  for  the  5-5-5  and  7-12  sheet  alloys  Includes  evalu¬ 
ations  to  be  conducted  and  data  obtained  to  date. 

The  surface  finish  and  flatness  of  the  sheets  were  superior  to 
the  "heat  treatable”  alloys  evaluated  earlier  during  this  program  and  the 
sheets  tested  exceeded  target  mechanical  properties  vdth  the  exception  of 
the  bend  radii  of  one  7-12  sheet.  To  establish  machinability  criteria  the 
Box  Wilson  Statistical  Method  will  be  employed.  Cleaning  requirements  for 
fusion  welding  arc  similar  to  the  5-2^-  alloy  and  preliminary  resistance 
weld  tests  produced  a  higher  Tension/Shear  ratio  for  the  5-5-5  than  the  7-12. 
Testing,  with  the  exception  of  creep  properties  determinations  will  be 


completed  and  reported  in  the  next  reporting  period  of  26  April  1962. 
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1,  INTRODUCTION t  North  American  Aviation,  Incorporated,  Columbus  Division, 

is  evaluating  the  quality,  uniformity,  creep  properties  and  fabrication 
characteristics  of  the  5Al-5Sn-5Zr.  and  7Al>12Zr  super  alpha  titanium 
sheet  alloys  under  BuVeps  Contract  NOas57-785d  in  the  Department  of 
Defense  Titanium  Sheet  Rolling  Program.  Included  in  these  evaluations 
are  tests  to  determine  the  possibilities  of  surface  contamination  during 
fabrication  and/or  contamination  effect  on  fabrication  and/or  stability 
of  the  alloys,  particularly  the  7Al-12Zr  alloy.  This  the  sixteenth  pro¬ 
gress  report  presents  the  first  data  reported  by  N.A.A.  for  the  super 
alpha  alloys  under  Supplemental  Agreement  ifb  to  the  original  contract 
and  covers  the  period  of  1  November  1961  to  31  January  1962. 

2*  OBJECTIVESt  The  objectives  of  these  evaluations  are  to  obtain  design 

criteria  and  to  establish  methods  of  fabrication  for  the  materials  being 
tested. 

3*  SCOPE I  The  program  Includes;  Receiving  Inspection  of  materials,  deter¬ 
mination  of  mechanical  properties  at  room  and  elevated  temperatures, 
creep  properties  (voided  and  un-velded),  surface  contamination  effect 
on  fabrication  and/or  stability,  formability,  machinabllity,  dimpling, 
fusion  and  resistance  welding  tests. 

U.  SDHMARY  OF  DATA  TO  DATE 

ii.l  Receiving  Inspection  Datat  (Reference  Paragraph  U.8) 

U»l»lQu*ntityt  A  total  of  twenty  eight  sheets,  BuV/eps  furnished,  arc  being 
evaluated,  thirteen  sheets  of  the  5-5~5  alloy  and  fifteen  of  the  7**12 
alloy,  under  this  program. 


1.1.2. 

li.1.3 

ii.l.lj 

h.1.5 

li.1.6 

14.2 

11.3 
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Deliveriest  Deliveries  commenced  in  the  middle  of  August 
1961  and  were  completed  in  late  December  1961. 

Surface  Conditiont  Tho  surface  condition  of  all  sheets  would 
be  acceptable  for  production  parts. 

Sizet  Sixteen  sheets  (Approx  SH)  were  under  the  nominal  size 
of  36  X  96  inches  when  inspected  to  AMS  22h2  size  tolerances. 
Oagei  Twelve  sheets  (Approx  failed  to  meet  AMS  22h2 
thickness  tolerances. 

Flatness I  Excellent  flatness  was  noted  for  all  gages  of  both 
alloys . 

Metallurgical  Evaluations?  Test  results  obtained  by  N.A.A. 
exceeded  -the  target  mechanical  properties  of  both  alloys  with 
tho  exception  of  the  minimum  ben'*  radii  of  sheet  N.A.A.  #69. 
Formability  Tests  t  With  the  exception  of  the  6T  bend  radius 
for  the  sheet  N.A.A.  #69>  TMCA  supplied  .090  gage,  heat  V1787B, 
sheet  no  A7190-2,  7*12  alloy,  the  minimum  bend  radii  obtained 
by  N.A.A.  was  within  the  target  bend  radii  of  I4.5T  to  .070 
gage  and  5T  above  .070  gage  for  the  5*5*5  alloy  and  5T  for  all 
gages  of  tho  7*12  alloy.  Spring*back  of  9  -16^  for  the  5*5*5 
and  6  *23°  for  the  7*12  were  noted  during  the  bond  tests  etm- 
ducted  on  these  alloys. 
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lt*li  Maehinabllity  Tests t  Milling  and  Drilling  tests  are  under 

way  using  the  Box  Wilson  Statistical  Method  which  requires 
that  all  data  be  available  before  the  cutting  tool  material, 
tool  geometry,  tool  life,  machine  speeds  and  feeds,  coolant, 
part  temperature  and  finish  can  be  established. 

Dimpling  Tests t  Several  tests  have  been  conducted  on  single 
and  triple  action  equipment  and  it  appears  that  the  single 
action  equipment  is  not  capable  of  dimpling  the  alloys. 

l4»6  Ftesion  Weld  Tests t  Preliminary  test  results  indicate  that 

the  preparation  requirements  for  the  alloys  are  similar  to 
the  5Al-2|Sn  alpha  alloy. 

i*«7  Resistance  Weldingt  General  conclusions  based  on  limited 

testing  completed  to  date  aret  The  5Al->5Sn-5Zr  alloy  has  a 
higher  Tension/Shear  Ratio  than  the  7Al>12Zr  alloy,  when 
lap  shear  strength  is  the  criterion  the  machine  settings  are 
not  interchangeable  for  the  two  alloys  and  the  alloys  do 
not  appear  to  be  susceptible  to  cracking. 
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h.8  Shtet  MaterlPls  Being  Evaluated 

U.8.1  5Al-5Sn<5Zr  Alloy 

Min. Bend  Radius 


Oage 

Nominal  /  Actual 

Size 

Heat 

No 

.020 

.017- .020 

36  X  96 

V1813M 

.020 

.017-. 021 

36  X  96 

V1813M 

.020 

.020-. 022 

36  X  90 

V1785M 

.010 

.038-. 039 

37  X  9ii 

V1813M 

.010 

.035-. 039 

36  X  91 

V1785M 

s 

o 

• 

.037-. 039 

36  X  96 

V1813M 

.062 

.051-. 056 

37  X  95 

VI78I4M 

.062 

.051-. 057 

36  X  91 

V1813B 

.062 

.036-. 060 

35  X  96 

VI78I1M 

.090 

.089-. 100 

37  X  88 

VI76I4B 

.090 

.08U-.088 

36  X  96 

V1913 

Sheet  No.  X  Thickness  (T) 


Supplier/NAA 

A7152-1 

73 

L  2.0  T 

1:.0  ' 

T  2.0  1 

1 

3.0 

A7152-6 

7U 

L  2.0  ‘ 

3.0 

T  2.1. 

li.O 

A7659-1 

75 

L  2.1: 

1:.0 

T  2.1: 

1:.0 

A7129-5 

76 

L  2.5 

3.5 

T  2.5 

1:.0 

A7558-8 

77 

L  2.1: 

1:.0 

T  2.U 

1:.0 

A7129-9 

78 

L  2.5 

a. 

T  2.5 

m 

A7331-2 

79 

1  2.3  1 

2.5 

T  3.0 

2.5 

A7562-U 

80 

L  2.1: 

2.0 

T  2.1: 

2.5 

A7331-1 

81 

L  2.3  ' 

2.0 

T  2.3 

2.5 

A7065-U 

82 

L  3.1 

3.5 

T  2.7 

3.5 

A78I4O-5 

83 

L  3.1 

3.5 

T  2.7  1 

3.5 

125 

.111:-.  123 

36  X  96 

V1813M 

A7127-3 

81: 

L  2.6 

T  2.6  1 

1 

[  ^ 

125 

.116-. 121: 

36  X  81: 

V1785B 

A761:0-2 

85 

L  2.1:  i 
T  2.1:  1 

•  • 

0  0 
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I4.8.2  7Al-12Zr  Alloy 
Osge 


Supplier 

Nominal  /  Actual 

Size 

IMCA 

.020 

.020-.02I4 

36  X  96 

TMCA 

.020 

.020- .022 

36  X  95 

RMI 

.020 

.015-. 019 

314^X70^ 

TMCA 

.OliO 

0 

0 

s 

1 

>o 

0 

• 

36  X  91 

TMCA 

.OI4O 

.037- .039 

36  X  96 

SMI 

.OliO 

.030-. 035 

36|X95| 

TMCA 

.062 

.056-. 059 

36  X  9I4 

RHI 

.062 

0 

0 

• 

1 

0 

• 

36  X  76 

HMI 

.062 

.060- .073 

36  X  75 

TMCA 

.062 

.05U-.057 

36  X  96 

TMCA 

.090 

0 

• 

1 

0 

• 

36  X  96 

TMCA 

.090 

.082-. 091 

37  X  96 

TMCA 

\A 

CM 

• 

.115-. 121 

36  X  96 

mi 

.125 

.115-.126 

36JX89  5/8 

TMCA 

.125 

.U2-.117 

37  X  99 
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Heat 

No 

Sheet  No. 
Suppller/NAA 

Min.Bend  Radius 
X  Thickness  (T) 
Supplior/NAA 

V1787M 

A7316-3 

60 

L  3.0 

% 

U.5  T 

T  3.8 

1*.5  k 

V1786T 

A7320-I4 

61 

L  2.U 

3.5 

T  2.U 

l.O 

32558 

mh-h 

62 

L  2.h 

3.0 

T  2.I4 

3*5  : 

1 

V1787M 

A7325-5 

63 

L  2.5 

3.5  : 

T  2.5 

3.0  i 

V1788T 

6h 

L  2.8 

• 

T  3.1 

-  i 

32558 

3175-5 

65 

L  2.U 

3.5  1 

T  2.U 

li.5  1 

1 

V1786M 

A7561-3 

66 

L  3.2 

3.5  ' 

T  3.2 

3.5  ! 

1 

32558 

3176-8 

67 

L  3.0 

3.0 

T  2.0 

3.0 1 

32885 

3176-I4 

68 

L  3.0 

3.0  ! 

T  3.5 

3.5  1 

j 

VI 786m 

A7561-U 

86 

L  3.6 

3.5  ' 

T  3.2 

3.0  ; 

1 

V1787B 

A7190-2 

69 

L  3.2 

6.0  ' 

T  3.2 

6.0  ‘ 

1 

V1787T 

A7326-2 

70 

L  3.5 

3.5  ' 

T  3.5 

3.5 1 

VI786H 

A7661-2 

71 

L  2.U 

1 

•  j 

T  2.2 

i 

i 

32558 

3195-5 

72 

L  2.6 

U.O 

T  2.6 

i 

U.O 

VI9II4B 

A7662-U 

87 

L  2.I4 

ir 

l*.o  Y 

T  2.5 

r 

U.0  T 
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FUTURE  VIORKi  With  the  exception  of  detenninatlon  of  creep  pro> 
parties  the  evaluations  programmed  for  the  $•$-$  and  7-12  alloys 
will  be  completed  and  reported,  Including  data  obtained,  conclusions 
and  recommendations.  In  tho  next  reporting  period  of  26  April  1962. 
Reference  applicable  Appendlcles  for  details  of  evaluations  to  be 
oondueted  under  this  program. 
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i^^ndix  I 


ABSTRACT 


The  total  quantity  of  sheets  required  for  this 
program  have  been  received,  inspected  and  lay¬ 
out  of  areas  of  speeifie  evaluations  for  each 
■hoot  la  eenplete. 
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Appendix  1 


IWTRODIlCTIONt  Reoelvlng  Inspection  of  test  sheets  oonsists  of 
surfeoe  eondltion  (visual),  size,  gage  and  flatness.  Other 
standard  receiving  inspection  requirements  such  as  determining 
mechanical  propei*tles  have  been  allocated,  in  this  program,  to 
other  areas  of  investigation  and  data  will  appear  in  the  appli¬ 
cable  sections  of  this  and  future  reports. 

INSPECTION  A  LAYOUT  PRIKTSt  Reference  pages  16  through  h}  for  data 
on  each  sheet  as  to,  alloy,  gage,  heat  number,  suppliers  sheet 
number,  flatness,  surface  condition,  supplier  and  N.A.A.  identi¬ 
fication,  N.A.A.  inspection  data  and  layout  of  areas  from  which 
specimens  for  specific  evaluations  are  taken* 

MATERIALS  DATAl 

Quantity  Received t  The  total  of  twenty  eight  BuWeps  furnished 
sheets  being  evaluated  under  the  program  have  been  received. 
Thirteen  sheets  of  the  5-5-5  snd  ten  sheets  of  the  7-12  were  receiv¬ 
ed  from  T.M.C.A.  The  remaining  five  sheets,  of  the  7-12,  were 
reoeived  from  R.N.I. 

Delivertest  The  following  is  a  sumnary  of  the  total  range  of  two 
to  twenty  five  weeks  required  from  date  of  BuWeps  orders  until 
material  was  received  by  N.A.A.,  Columbus*  Bsference  Figure  1, 
page  lit  for  a  oonplete  breakdown. 


Supplier 

O.C.A. 

m 

Weeks 

Eleven  to  eighteen 

T.M.C.A. 

7-12 

10 

Eleven  to  twenty 

R.M.I. 

7-12 

5 

Two  to  twent/  five 

11 
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3*3  Surface  Condltlont  The  surface  condition  of  the  sheets  were 

free  of  grind  inarics>  discoloration,  pits,  inclusions  and  scratches. 
All  sheets,  including  the  pronounced  "orange  peel"  surfaces  of  the 
R.M.I.  materials,  were  classified  acceptable  for  production. 

3. It  Sizet  Sixteen  sheets  (approx  $1%)  of  the  total  quantity  of  twenty- 

eight  received  were  tindersize  when  inspected  to  AMS  22)42  tolerances 
of  plus  1/16,  minus  "0"  for  width  and  plus  l/h,  minus  "0"  for  length. 
The  follo\dng  is  a  sunroary  of  the  undersite  sheets  by  alloy  and  sup¬ 
plier. 

5Al-5Sn-5Zr  .  7Al-12Zr  7Al-12Zr 

Supplier  -  T.M.C.A.  Supplier  -  T.M.C.A.  Supplier  -  BJI.I. 


Total  Quantity 

13  Sheets 

10  Sheets 

S  Sheets 

Undersize  Width 

Length 

Width 

Length 

Width 

Length 

Quantity 

1 

7 

0 

3 

1 

5 

Percent 

8jC 

SIS 

0 

30!t 

2Qi( 

100^ 

3.S  Page  I  T>'elve  sheets  (l43;()  of  the  total  quantity  of  tv'enty  eight 

sheets  received  were  out  of  AMS  22142  thickness  tolerances.  Refer¬ 
ence  Figure  2,  page  1$  for  a  plot  of  sheet  thicknesses  vs  AMS  22142 
thickness  tolerances.  A  suiutary  of  gage  control  is  as  follows} 


Supplier 

Alloy 

Total 

Quantity 

Quantity  Out 

Of  Tolerance 

Percent  Out 
Of  Tolerance 

T.M.C.A. 

5Al-53n-5Zr 

13 

5 

Approx  yH 

T.M.C.A. 

7Al-12Zr 

10 

3 

VS 

R.H.I. 

7Al-12Zr 

$ 

1} 

80K 

12 
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Fletneaat  The  total  quantity  of  twenty  eight  aheeta  received 
were  veil  vlthln  the  N.A.A.  Columbus  flatness  requirements  for 
Titanium  sheet  of  for  gages  through  .070  and  for  gages  over 
•070.  The  maximum  percent  of  out  of  flatness  for  all  gages  was 
Ijt,  based  on  out  of  flatness  being  measured  as  the  percent  of  the 
distance  between  contact  points  of  a  straight  edge  laid  in  any 
direction  on  the  sheet. 

General  Comments t  Comparing  the  super  alpha  alloys  to  the 
liAl-Xo-lV,  l6V-2iAl  and  the  3120VCA  wheat  treatable"  alloys,  in¬ 
spected  in  the  early  portion  of  this  program,  the  following  were 
noted. 

a)  Although,  deliveries  did  not  meet  promise  dates,  overall  tine 
was  less  for  delivezy  of  the  super  alpha  alloys. 

b)  With  the  exception  of  the  pronounced  "orange  peel"  surface  of 
the  R.M.J .  super  alpha  materials  the  surface  condition  was  im¬ 
proved,  particularly  in  respect  to  the  lack  of  grind  marks 
and  discoloration. 

e)  $1%  of  the  super  alpha  sheets  vs  1%  of  the  "beat  treatable" 
allays  were  undersise. 

d)  Gage  control  deteriorated  for  tho  .01^0,  .062  and  .090  gages 
of  the  super  alpha  allcj's. 

e)  The  flatness  of  the  super  alpha  sheets  was  excellent,  a 
decided  improvement  over  the  "heat  treatable"  alloys. 

FUTURE  WORKt  The  data  presented  in  the  Appendix  I  concludes  the 
receiving  inspection  of  the  5-5-5  and  7-12  alloy  sheets  required 
for  this  program. 
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ST  CODES 


T  WELD 
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VELD 

.DING  PROCEDURE 
ECTS  OF  CHEMISTRY 
EP  PROPERTIES 


MACHINABILITY 

FORM  ABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


WHITE  CORROSIVE  LINES  AND  SPOTS  BOTH  SIDES 


1  MATERIAL  DATA  ^  | 

ALLOY 

7Al.-12Zr. 

NOMINAL  GAGE 

.020 

ACTUAL  GAGE 

.020-. 024 

ACTUAL  SIZE 

36  X96 

HEAT  NO. 

V1787M 

SHEET  NO. 

3 

FLATNESS 

LESS  THAN  1% 

VENDOR 

TMCA 
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FORMABILITY 

6-A  BEND  AND  SURFACE 

ELD 

6-B 

BEND  AND  JOGGLE 

)ING  PROCEDURE 

6-C 

BEND  AND  STRETCH 

CTS  OF  CHEMISTRY 

6-D 

HYDRO  PRESS 

P  PROPERTIES 

6-E 

HOT  SIZE 

6-F 

DIMPLE 

WHITE  CORROSIVE  PRODUCT  BOTH  SIDES. 

MATERIAL  DATA 


ALLOY 


NOMINAL  GAGE 


ACTUAL  GAGE 


ACTUAL  SIZE 


HEAT  NO. 


SHEET  NO. 


FLATNESS 


VENDOR 


7Al.-12Zr. 


.020 


.020-.022 


36  X  95 


V1786T 


LESS  THAN  1% 


TMCA 
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BEND  AND  JOGGLE 

ING  PROCEDURE 

6-C 

BEND  AND  STRETCH 

:ts  of  chemistry 

6-D 

HYDRO  PRESS 

’  properties 

6-E 

HOT  SIZE 

6-F 

DIMPLE 

1  MATERIAL  DATA  | 

ALLOY 

7AI.-12Zr 

NOMINAL  GAGE 

.020 

ACTUAL  GAGE 

.015  -  .019 

ACTUAL  SIZE 

34  1/2  X  70  1/4 

HEAT  NO. 

32558 

SHEET  NO. 

3174-4 

FLATNESS 

LESS  THAN  1% 

VENDOR 

R.M.I. 

PRODUCTION  ACCEPTABLE 
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EEP  PROPERTIES 


©  MACHINABILITY 

rORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


'N:  PRODUCTION  ACCEPTABLE 


1  MATERIAL  DATA 

ALLOY 

7AI.-12Zr. 

NOMINAL  GAGE 

.040 

ACTUAL  GAGE 

.036-. 040 

ACTUAL  SIZE 

36x  91 

HEAT  NO. 

V1787M 

SHEET  NO. 

5 

FLATNESS 

1% 

VENDOR 

TMCA 
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EEP  PROPERTIES 

6-E 

HOT  SIZE 

6-F 

DIMPLE 

WHITE  CORROSIVE  PRODUCT  ON  BOTH  SIDES. 
SLIGHT  GRIND  MARKS  ONE  SIDE. 


MATERIAL  DATA 


ALLOY 

7A].-12Zr. 

NOMINAL  GAGE 

.040 

ACTUAL  GAGE 

.037-.039 

ACTUAL  SIZE 

36  X  96 

HEAT  NO. 

V1788T 

SHEET  NO. 

3 

FLATNESS 

LESS  THAN  1% 

VENDOR 

TMCA 
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1-A  ROOM  TEMPERATURE 
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© 

1-B  ROOM  &  ELEVATED  TEMPERATURE 

1-C  CREEP  PROPERTIES 

© 

3-B 

SEAM 
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FUSION  WELD 

SURFACE  CONTAMINATION 

4-A 

WELDING  PROCEDURE 

2-A  BEND  AND  TENSILE 

4-B 

AFFECTS  OF  CHEMISTRY 
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6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


1  MATERIAL  DATA 

ALLOY 

7A1.  -  12Zr. 

NOMINAL  GAGE 

.062 

ACTUAL  GAGE 

.056  -  .059 

ACTUAL  SIZE 

36  x94 

HEAT  NO. 

V1786M 

SHEET  NO. 

3 

FLATNESS 

LESS  THAN  1% 

VENDOR 

TMCA 
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CTS  OF  CHEMISTRY 

6-D 

HYDRO  PRESS 

P  PROPERTIES 

6-E 

HOT  SIZE 

6-F 

DIMPLE 

PRODUCTION  ACCEPTABLE 


MATERIAL  DATA 


ALLOY 

7A1.  -  12Zr. 

NOMINAL  GAGE 

.040 

ACTUAL  GAGE 

.030  -  .035 

ACTUAL  SIZE 

36-1/2  X  95-1/2 

HEAT  NO. 

32558 

SHEET  NO. 

3175-5 

FLATNESS 

LESS  THAN  1% 

VENDOR 

R.M.I. 
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3- B  SEAM 

FUSION  WELD 

4- A  WELDING  PROCEDURE 
4-B  AFFECTS  OF  CHEMISTRY 
4-C  CREEP  PROPERTIES 


(  ^THICKNESS  MEASUREMENTS 
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FECTS  OF  CHEMISTRY 
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MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


MATERIAL  DATA 

ALLOY 

7A1.  -  12Zr. 

NOMINAL  GAGE 

.062 

ACTUAL  GAGE 

.056  -  .070 

ACTUAL  SIZE 

36x76 

HEAT  NO. 

32558 

SHEET  NO. 

3176-8 

FLATNESS 

LESS  THAN  1% 

VENDOR 

R.M.I. 

N:  PRODUCTION  ACCEPTABLE 
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6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
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6-E  HOT  SIZE 
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1  MATERIAL  DATA 

ALLOY 

7A1.  -  12Zr. 

NOMINAL  GAGE 

.062 

ACTUAL  GAGE 

.060  -  .073 

ACTUAL  SIZE 

36  x75 

HEAT  NO. 

32885 

SHEET  NO. 

3176-4 

FLATNESS 

LESS  THAN  1% 

VENDOR 

R.M.I. 
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PRODUCTION  ACCEPTABLE 


MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


ALLOY 


NOMINAL  GAGE 


ACTUAL  GAGE 


ACTUAL  SIZE 


HEAT  NO. 


SHEET  NO. 


FLATNESS 


VENDOR 


7A1.  -  12Zr. 


.054  -  .057 


36  X  96 


V1786M 


LESS  THAN  1% 


TMCA 
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^  6-A  BEND  AND  SURFACE 

VELD  6-B  BEND  AND  JOGGLE 

DING  PROCEDURE  6-C  BEND  AND  STRETCH 

ECTS  OF  CHEMISTRY  6-D  HYDRO  PRESS 

EP  PROPERTIES  6-E  HOT  SIZE 


MATERIAL  DATA  i 

ALLOY 

7A1.  -  12Zr. 

NOMINAL  GAGE 

.090 

ACTUAL  GAGE 

.091  -  .096 

ACTUAL  SIZE 

36  x96 

HEAT  NO. 

V1787B 

SHEET  NO. 

2 

FLATNESS 

LESS  THAN  1% 

6-F  DIMPLE 


VENDOR 


PRODUCTION  ACCEPTABLE 


TMCA 
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FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


1  MATERIAL  DATA 

ALLOY 

7AI.  -  122r. 

NOMINAL  GAGE 

.090 

ACTUAL  GAGE 

.082  -  .091 

ACTUAL  SIZE 

36  x96 

HEAT  NO. 

V1787T 

SHEET  NO. 

2 

FLATNESS 


VENDOR 


LESS  THAN  1' 


TMCA 
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TEST  CODES 

RESISTANT  WELD 
3-A  SPOT 

3- B  SEAM 

FUSION  WELD 

4- A  WELDING  PROCEDURE 
4-B  AFFECTS  OF  CHEMISTRY 
4-C  CREEP  PROPERTIES 


SURFACE  CONDITION:  PRODUCTION  ACCEPTABLE 
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MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B^  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


PRODUCTION  ACCEPTABLE 


1  MATERIAL  DATA 

ALLOY 

7A1.  -  12Zr. 

NOMINAL  GAGE 

.125 

ACTUAL  GAGE 

.115  -  .121 

ACTUAL  SIZE 

36  x96 

HEAT  NO. 

V1788M 

SHEET  NO. 

2 

FLATNESS 

LESS  THAN  1% 

VENDOR 

TMCAl 
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TEST  CODES 

RESISTANT  WELD 
3-A  SPOT 

3- B  SEAM 

FUSION  WELD 

4- A  WELDING  PROCEDURE 
4-B  AFFECTS  OF  CHEMISTRY 
4<  CREEP  PROPERTIES 


(  ^THICKNESS  MEASUREMENTS 


SURFACE  CONDITION: 


PRODUCTION  ACCEPTABLE 
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MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


MATERIAL  DATA 


ALLOY 

7A1.  -  12Zr. 

NOMINAL  GAGE 

.125 

ACTUAL  GAGE 

.115-. 126 

ACTUAL  SIZE 

36  1/2  X  89  5/8 

HEAT  NO. 

32558 

SHEET  NO. 

3179-5 

FLATNESS 

LESS  THAN  1% 

VENDOR 

R.M.I. 

PRODUCTION  ACCEPTABLE 
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:EP  PROPERTIES 


MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


ALLOY 

7A1.  -  12Zr. 

NOMINAL  GAGE 

.125 

ACTUAL  GAGE 

.112-. 117 

ACTUAL  SIZE 

37  x99 

HEAT  NO. 

V1914B 

SHEET  NO. 

4 

FLATNESS 

LESS  THAN  1% 

VENDOR 

TMCA 

sl:  PRODUCTION  ACCEPTABLE 
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ALLOY 


NOMINAL  GAGE 


ACTUAL  GAGE 


ACTUAL  SIZE 


HEAT  NO. 


SHEET  NO. 


FLATNESS 


VENDOR 


MATERIAL  DATA 


5A1.  -  5Sn.  -5  2r. 


.020 


.017  -  .0 


36x96 


V1813  M 


1% 


TMCA 
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MECHANICAL  PROPERTIES 

1-A  ROOM  TEMPERATURE 

1-B  ROOM  &  ELEVATED  TEMPERATURE 

1- C  CREEP  PROPERTIES 

SURFACE  CONTAMINATION 

2- A  BEND  AND  TENSILE 
2-B  FATIGUE 

2-C  FABRICATION  PRACTICES 


INSPECTION  AND  LAYO 


CoiT) 

CO) 

CO) 

0 

CoH) 

♦ 

1 

8 

1 

0 

CUZ) 


(  ^THICKNESS  MEASUREMENTS 


TEST  CODES 

RESISTANT  WELD 
3-A  SPOT 

3- B  SEAM 

Q  FUSION  WELD 

4- A  WELDING  PROCEDURE 
4-B  AFFECTS  OF  CHEMISTRY 
4-C  CREEP  PROPERTIES 


SURFACE  CONDITION:  SLIGHT  GRIND  MARKS  BOTH  S 


0© 


;T  CODES 

WELD 

© 

MACHINABILITY 

r 

0 

FORMABILITY 

6-A 

BEND  AND  SURFACE 

'ELD 

6-B 

BEND  AND  JOGGLE 

3ING  PROCEDURE 

6-C 

BEND  AND  STRETCH 

CTS  OF  CHEMISTRY 

6-D 

HYDRO  PRESS 

P  PROPERTIES 

6-E 

HOT  SIZE 

6-F 

DIMPLE 

MATERIAL  DATA 


ALLOY 

5AI .  -  5Sn.  -  5Zr. 

NOMINAL  GAGE 

.020 

ACTUAL  GAGE 

.017  -  .021 

ACTUAL  SIZE 

36  x96 

HEAT  NO. 

V1813M 

SHEET  NO. 

6 

FLATNESS 

LESS  THAN  1% 

;  SLIGHT  GRIND  MARKS  BOTH  SIDES  OF  SHEET 


VENDOR 


TMCA 
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0© 


INSPECTION  AND  LAYOUT  PRINT  FT -1-75 
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C02D 

0 


ST  CODES 


T  WELD 


DING  PROCEDURE 
ECTS  OF  CHEMISTRY 
EP  PROPERTIES 


MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


ALLOY 


-^2 


MATERIAL  DATA 


NOMINAL  GAGE 


ACTUAL  GAGE 


ACTUAL  SIZE 


HEAT  NO. 


SHEET  NO. 


FLATNESS 


VENDOR 


5A1 .  -  5Sn.  -  5Zr. 


.020  -  .022 


36  x90 


V1785  M 


LESS  THAN  1% 


:  PRODUCTION  ACCEPTABLE 


TMCA 
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INSPECTION  AMD  LAYOUT 


Cl)39) 

cm 

0 

cm 

CP) 

(P) 

cm 

MECHANICAL  PROPERTIES 
1-A  ROOM  TEMPERATURE 

1- B  ROOM  &  ELEVATED  TEMPERATURE 
\<  CREEP  PROPERTIES 

SURFACE  CONTAMINATION 

2- A  BEND  AND  TENSILE 
2-B  FATIGUE 

2-C  FABRICATION  PRACTICES 


TEST  CODES 

RESISTANT  WELD 
3-A  SPOT 

3- B  SEAM 

FUSION  WELD 

4- A  WELDING  PROCEDURE 
4-B  AFFECTS  OF  CHEMISTRY 
4-C  CREEP  PROPERTIES 


(  ^THICKNESS  MEASUREMENTS 


SURFACE  CONDITION: 


LACK  OF  CLEANING  OR  COR 
FINE  GRIND  MARKS  BOTH  SI 


INSPECTION  AND  LAYOUT  PRINT  FT-1-76 


ST  CODES 


r  WELD 


/ELD 

DING  PROCEDURE 
:CTS  OF  CHEMISTRY 

:p  properties 


MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 
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LACK  OF  CLEANING  OR  CORROSION  AND 
FINE  GRIND  MARKS  BOTH  SIDES 


1  MATERIAL  DATA 

ALLOY 

5A1.  -5Sn.  -5Zr. 

NOMINAL  GAGE 

.040 

ACTUAL  GAGE 

.038  -  .039 

ACTUAL  SIZE 

37  x94 

HEAT  NO. 

V1813M 

SHEET  NO. 

5 

FLATNESS 

LESS  THAN  1% 

VENDOR 

TMCA 
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ST  CODES 


T  WELD  ^ 

VELD 

DING  PROCEDURE 
ECTS  OF  CHEMISTRY 
EP  PROPERTIES 


4:  PRODUCTION  ACCEPTABLE 


MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


1  MATERIAL  DATA 

ALLOY 

5A1.  -5Sn.  -5Zr. 

NOMINAL  GAGE 

.040 

ACTUAL  GAGE 

.035  -  .039 

ACTUAL  SIZE 

36  x91 

HEAT  NO. 

V1785M 

SHEET  NO. 

8 

FLATNESS 

LESS  THAN  1% 

VENDOR 

TMCA 
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INSPECTION  AND  LAYOUT 


0 

c© 

c® 

0 

CoD 

MECHANICAL  PROPERTIES 

1-A  ROOM  TEMPERATURE 

1-B  ROOM  &  ELEVATED  TEMPERATURE 

1- C  CREEP  PROPERTIES 

SURFACE  CONTAMINATION 

2- A  BEND  AND  TENSILE 
2-B  FATIGUE 

2-C  FABRICATION  PRACTICES 


TEST  CODES 

RESISTANT  WELD 
3-A  SPOT 

3- B  SEAM 

FUSION  WELD 

4- A  WELDING  PROCEDURE 
4-B  AFFECTS  OF  CHEMISTRY 
4<  CREEP  PROPERTIES 


(  ^THICKNESS  MEASUREMENTS 


SURFACE  CONDITION: 


DIFFERENTIAL  ETCH  THREE  (3) 
(BELIEVED  DUE  TO  CONTACT 


0© 


INSPECTION  AND  LAYOUT  PRINT  FT -1-78 
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:L0 

© 

MACHINABILITY 

© 

FORMABILITY 

6-A 

BEND  AND  SURFACE 

) 

6-B 

BEND  AND  JOGGLE 

G  PROCEDURE 

6-C 

BEND  AND  STRETCH 

;  OF  CHEMISTRY 

6-D 

HYDRO  PRESS 

?OPERTIES 

6-E 

HOT  SIZE 

6-F 

DIMPLE 

DIFFERENTIAL  ETCH  THREE  (3)  PLACES. 

(BELIEVED  DUE  TO  CONTACT  WITH  ETCH  RACK.) 


ALLOY 

5A1.  -5Sn.  -5Zr. 

NOMINAL  GAGE 

.040 

ACTUAL  GAGE 

.037  -  .039 

ACTUAL  SIZE 

36  x96 

HEAT  NO. 

V1813M 

SHEET  NO. 

9 

FLATNESS 

LESS  THAN  1% 

VENDOR 

TMCA 
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0© 


CODES 


MATERIAL  DATA 


VELD 

00 

MACHINABILITY 

ALLOY 

5A1.  -  5Sn.  -  5Zr. 

CrtPMARII  ITV 

NOMINAL  GAGE 

.062 

6-A 

BEND  AND  SURFACE 

ACTUAL  GAGE 

.051  -  .056 

-D 

6-B 

BEND  AND  JOGGLE 

ACTUAL  SIZE 

37  x95 

NG  PROCEDURE 

6-C 

BEND  AND  STRETCH 

HEAT  NO. 

V1784M 

rS  OF  CHEMISTRY 

6-D 

HYDRO  PRESS 

SHEET  NO. 

2 

PROPERTIES 

6-E 

HOT  SIZE 

DIMPLE 

FLATNESS 

1% 

6-r 

VENDOR  TMCA 

PRODUCTION  ACCEPTABLE 
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c® 

(22) 

0) 

Cos^ 

MECHANICAL  PROPERTIES 

1-A  ROOM  TEMPERATURE 

1-B  ROOM  &  ELEVATED  TEMPERATURE 

1- C  CREEP  PROPERTIES 

SURFACE  CONTAMINATION 

2- A  BEND  AND  TENSILE 
2-B  FATIGUE 

2-C  FABRICATION  PRACTICES 


(  ^THICKNESS  MEASUREMENTS 


TEST  CODES 

©  RESISTANT  WELD 
3-A  SPOT 

3- B  SEAM 

FUSION  WELD 

4- A  WELDING  PROCEDURE 

# 

4-B  AFFECTS  OF  CHEMISTRY 
4-C  C-REEP  PROPERTIES 


SURFACE  CONDITION:  PRODUCTION  ACCEPTABLE 


0© 


INSPECTION  AND  LAYOUT  PRINT  FT-1-80 
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ippendlx  I 


© 


ST  CODES 


T  WELD 


/ELD 

DING  PROCEDURE 
:CTS  OF  CHEMISTRY 
IP  PROPERTIES 


PRODUCTION  ACCEPTABLE 


MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


MATERIAL 

DATA 

ALLOY 

5A1 

,  -  5Sn.  -  5Zr. 

NOMINAL  GAGE 

.062 

ACTUAL  GAGE 

.054  -  .057 

ACTUAL  SIZE 

36  x91 

HEAT  NO. 

V1813B 

SHEET  NO. 


FLATNESS 


VENDOR 


LESS  THAN  1% 


TMCA 
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Cosf) 

Co^ 

Co^ 

© 

( 

CosSi 

CME) 

CoS7^ 


\tmfi 


Q  MECHANICAL  PROPERTIES 
1-A  ROOM  TEMPERATURE 
1-B  ROOM  &  ELEVATED  TEMPERATURE 

1- C  CREEP  PROPERTIES 

Q  SURFACE  CONTAMINATION 

2- A  BEND  AND  TENSILE 
2-B  FATIGUE 

2-C  FABRICATION  PRACTICES 


(  ^THICKNESS  MEASUREMENTS 


TEST  CODES 

RESISTANT  WELD 
3-A  SPOT 

3- B  SEAM 

FUSION  WELD 

4- A  WELDING  PROCEDURE 
4-B  AFFECTS  OF  CHEMISTRY 
4-C  CREEP  PROPERTIES 


SURFACE  CONDITION;  PRODUCTION  ACCEPTABLE 


©0 


INSPECTION  AND  LAYOUT  PRINT  FT -1-81 
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rEST  CODES 


MT  WELD 

OT 

AM 

WELD 

iLDING  PROCEDURE 
FECTS  OF  CHEMISTRY 
EEP  PROPERTIES 


N:  PRODUCTION  ACCEPTABLE 


MATERIAL  DATA 


MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


ALLOY 

5A1 .  -  5Sn.  -  5Zr. 

NOMINAL  GAGE 

.062 

ACTUAL  GAGE 

.056  -  .060 

ACTUAL  SIZE 

35  x96 

HEAT  NO. 

V1784M 

SHEET  NO. 

1 

FLATNESS 

LESS  THAN  1% 

VENDOR 

TMCA 
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INSPECTION 


) 

C08?> 

) 

_L 

2 

TEST  CODES 

o 

MECHANICAL  PROPERTIES 

© 

RESISTANT  WELD 

1-A 

ROOM  TEMPERATURE 

3-A 

SPOT 

1-B 

ROOM  &  ELEVATED  TEMPERATURE 

3-B 

SEAM 

© 

l-C 

CREEP  PROPERTIES 

© 

FUSION  WELD 

SURFACE  CONTAMINATION 

4-A 

WELDING  PROCEDURE 

2-A 

BEND  AND  TENSILE 

4-B 

AFFECTS  OF  CHEMISTRY 

2>B 

FATIGUE 

4-C 

CREEP  PROPERTIES 

2< 

FABRICATION  PRACTICES 

C  ^THICKNESS  MEASUREMENTS 


SURFACE  CONDITION:  CORROSIVf 

THREE  (3)  PLACES. 


INSPECTION  AND  LAYOUT  PRINT  FT-2-82 
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IT  WELD 

)T 

AA 

WELD 

LDING  PROCEDURE 
ECTS  OF  CHEMISTRY 
;EP  PROPERTIES 


©  MACHINABILITY 

0  FORMABILITY 

6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


g.  WHITE  CORROSIVE  PRODUCT  BOTH  SIDES.  DIFFERENTIAL  ETCH 
■  THREE  (3)  PLACES.  (BELIEVED  DUE  TO  ETCHING  RACK.) 


ALLOY 

5A 1 .  -  5Sn.  -  5Zr. 

NOMINAL  GAGE 

.090 

ACTUAL  GAGE 

.089  -  .100 

ACTUAL  SIZE 

37  x88 

HEAT  NO. 

VI784B 

SHEET  NO. 

4 

FLATNESS 

LESS  THAN  1% 

VENDOR 

TMCA 
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INSPECTION  AND  LAYOUT 


(M 

C5§) 

C08§)  ■ 

C08§) 

© 

© 


MECHANICAL  PROPERTIES 
1-A  ROOM  TEMPERATURE 

1- B  ROOM  &  ELEVATED  TEMPERATURE 
1<  CREEP  PROPERTIES 

SURFACE  CONTAMINATION 

2- A  BEND  AND  TENSILE 
2-B  FATIGUE 

2-C  FABRICATION  PRACTICES 


C  ^THICKNESS  MEASUREMENTS 


TEST  CODES 

RESISTANT  WELD 
3-A  SPOT 

3- B  SEAM 

FUSION  WELD 

4- A  WELDING  PROCEDURE 
4-B  AFFECTS  OF  CHEMISTRY 
4-C  CREEP  PROPERTIES 


SURFACE  CONDITION:  PRODUCTION  ACCEPTABLE 


0© 


5T  CODES 

WELD 

© 

MACH  inability 

r 

A 

0 

FORMABILITY 

6-A 

BEND  AND  SURFACE 

tELD 

6-B 

BEND  AND  JOGGLE 

DING  PROCEDURE 

6“C 

BEND  AND  STRETCH 

;CTS  OF  CHEMISTRY 

6-D 

HYDRO  PRESS 

:p  properties 

6-E 

HOT  SIZE 

6-F 

DIMPLE 

MATERIAL  DATA 

• 

ALLOY 

5A1 .  -  5Sn.  -  5Zr. 

NOMINAL  GAGE 

.090 

ACTUAL  GAGE 

.084  -  .088 

ACTUAL  SIZE 

36  x96 

HEAT  NO. 

V1913 

SHEET  NO. 

5 

«  FLATNESS 

LESS  THAN  1% 

VENDOR 


:  PRODUCTION  ACCEPTABLE 


TMCA 

PAGE 


10-1/2 

Qi! 


MECHANICAL  PROPERTIES 

1-A  ROOM  TEMPERATURE 

1  -B  ROOM  &  ELEVATED  TEMPERATURE 

1- C  CREEP  PROPERTIES 

SURFACE  CONTAMINATION 

2- A  BEND  AND  TENSILE 
2-B  FATIGUE 

2-C  FALRICATION  PRACTICES 


(  ^THICKNESS  MEASUREMENTS 


TEST  CODES 


RESISTANT  WELD 
3-A  SPOT 

3- B  SEAM 

FUSION  WELD 

4- A  WELDING  PROCEDURE 
4-B  AFFECTS  OF  CHEMISTRY 
4-C  CREEP  PROPERTIES 


SURFACE  CONDITION:  WHITE  CORROSIVE  PRODUCT 

HANDLING  SCRATCHES  NEAI 


00 


INSPECTION  AND  LAYOUT  PRINT  FT -3-84 


IIA57H-527-16 
Appendix  I 


OH) 


013) 


iST  CODES 

T  WELD 

)T 

M 

YELD 

•DING  PROCEDURE 
ECTS  OF  CHEMISTRY 
EP  PROPERTIES 


QID 


CO!) 


COD 


QD 


cm 


QB 


MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


j.  WHITE  CORROSIVE  PRODUCT  BOTH  SIDES  OF  SHEET. 
HANDLING  SCRATCHES  NEAR  RIGHT  HAND  END. 


MATERIAL  DATA 

ALLOY 

5A1 .  -  5Sn.  -  5Zr. 

NOMINAL  GAGE 

.125 

ACTUAL  GAGE 

.114  -  .123 

ACTUAL  SIZE 

36  x96 

HEAT  NO. 

V1813M 

SHEET  NO. 

3 

FLATNESS 

1% 

VENDOR 

TMCA 
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0© 


ST  CODES 

T  WELD 

►T 

M 

VELD 

DING  PROCEDURE 
ECTS  OF  CHEMISTRY 
EP  PROPERTIES 


MACHINABILITY 

FORMABILITY 
6-A  BEND  AND  SURFACE 
6-B  BEND  AND  JOGGLE 
6-C  BEND  AND  STRETCH 
6-D  HYDRO  PRESS 
6-E  HOT  SIZE 
6-F  DIMPLE 


MATERIAL  DATA 


ALLOY 

5A1 .  -  5Sn.  -  5Zr. 

NOMINAL  GAGE 

.125 

ACTUAL  GAGE 

.116  -  .124 

ACTUAL  SIZE 

36  X  84 

HEAT  NO. 

V1785B 

SHEET  NO. 

2 

FLATNESS 

LESS  THAN  1% 

VENDOR 


I:  V/HITE  CORROSIVE  PRODUCT  BOTH  SIDES 


TMCA 
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ABSTRACT 

Initial  data  is  presented  giving  tensile  properties 
of  both  the  7-12  and  the  5-5-5  alloys  at  room  temp¬ 
erature,  9OOOF,  and  llOOOp.  Supplier  mechanical 
properties  and  chemical  compositions  are  given  for 
all  the  sheet  to  be  evaluated  under  this  contract. 
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1.  IMTRODUCTION ;  Appendix  II  contains  the  Metallurgical  evaluations 
being  conducted  on  the  5Al“5Sn-5Zr  and  7Al“12Zr  super  alpha  titan¬ 
ium  sheet  alloys.  Target  properties,  Supplier  chemical  analyses 
and  mechanical  properties,  data  obtained,  and  future  work  are 
presented  for  the  materials  being  studied. 

2.  SCOPE;  Room  temperature  tensile  properties  will  be  determined 
on  all  sheet  received  for  this  program.  In  addition,  the  tensile 
properties  of  selected  sheets  (A  of  each  alloy)  will  be  determined 
at  900°F  and  llOGOp.  All  tensile  testing  will  be  performed  in 
both  the  longitudinal  and  transverse  directions. 

2.1  Creep  properties  will  also  be  determined  from  the  same  parent 
material  as  that  used  for  elevated  temperature  tensile  testing. 
Deformation  for  times  from  10  to  1000  hours  will  be  measured  at 
900°F  and  1100°F  for  the  longitudinal  grain  direction  in  two  sheets; 
duplicate  specimens  will  be  tested  at  one  stress  level  and  one  temp¬ 
erature  to  check  transverse  properties  in  the  same  two  sheets. 
Longitudinal  creep  properties  will  be  checked  at  two  stress  levels 
at  900®F  and  1100°F  for  the  material  of  the  remaining  two  sheets. 

2.2  The  possibility  of  picking-up  surface  contamination  during  process¬ 
ing  particularly  in  the  case  of  the  7-12  alloy,  will  be  investigated. 
In  addition,  the  effect  of  thermal  exposure,  for  times  to  1000  hours 
and  temperatures  to  lOOO'^F,  on  the  fatigue  and  tensile  properties 
and  minimum  bend  radius  will  be  studied. 


re*M  H.ia.a.i 
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Metallographic  examinations  will  be  performed,  where  required,  in 
support  of  the  overall  program. 

MATERIAL;  Listed  below  are  the  target  tensile  properties  for  the 
7Al-12Zr  and  5Al-5Zr-5ai  alloys. 


Minimum  Bend 

%  Elongation  Radius  X 


Alloy 

Ftu 

Fty 

in  2'* 

Thickness 

5-5-5 

120 

110 

12 

4.5T  below  .070 

5. or,  .070  and  above 

7-12 

120 

110 

10 

5. or 

Supplier  chemical  properties  are  given  in  Tables  I  and  II.  Mechanical 
properties,  as  determined  by  the  producer  are  given  in  Tables  III  and  IV. 
RESULTS;  Results  of  the  mechanical  property  determination  performed 
to  date  for  the  5-5”5  alloy  at  room  temperature,  900°F,  and  1100®F  are 
given  in  Tables  V  and  VI.  All  test  values  obtained  exceed  the  target 
properties.  Reported  values  are  an  average  of  five  specimens. 

Tensile  results  for  the  7-12  alloy  determined  to  date,  at  room  temper- 
ature,  900°F  and  1100®F  are  given  in  Tables  VII  and  VIII.  As  in  the 
case  of  the  b-’i'-b  test  results,  all  values  obtained  for  the  712  exceeded 
the  target  properties. 

Both  these  alloys  exhibit  excellent  strength  retention  at  both  900°F 
and  1100°F  after  exposure  to  temperature  for  l/2  hour.  At  11CX)®F  both 
alloys  still  possess  60-65^  of  their  room  temperature  tensile  ultimate. 

In  the  case  of  total  elongation  versus  temperature,  both  alloys  exhibit 
better  elongation  at  900°F  than  at  1100®F.  This  is  almost  identical  to 
the  total  elongation  versus  temperature  relationship  demonstrated  by 
another  alpha  alloy,  3A1-2.5  Sn.  With  this  alloy  a  rather  sharp  increase 
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in  total  elon^tlon  is  experienced  at  900°?  to  1000°?  but  as  the 
teinjerature  increases  above  1000°?,  the  elons^tion  decreases  quite 
rapidly. 

?ll‘nj}t.i  WORK;  Durln."  the  next  reportint?  period,  determination  of  tensile 
properties  vill  be  completed.  Creep,  fatique,  and  thermal  stability 
studies  will  be  Initiated. 
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ABSTRACT 

Bend  terts  verc  completed  during  this  reporting  period  and 
the  minimum  bend  radii  was  vithin  target  itli.imum  bend  radii 
vdth  the  exception  of  one  sheet.  The  sheet  was  T.M.C.A. 
supplied  7-12  alloy,  ,090  gage  heat  V1787B,  sheet  A7190-2 
which  is  identified  by  N.A.A.  as  Sheet  #69. 
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1,  INTRODUCTION t  Foraability  evaluations  to  be  conducted  on  the 
5Al-$Sn-5Zr  and  7Al-12Zr  super  alpha  titanium  sheet  alloys  under 
this  program  arc;  material  preparation,  bend  and  surface,  short 
bend,  long  bend,  joggle,  wrap  stretch,  hydro  press,  benching  and 
hot  sizing.  Formability  tests  are  conducted  in  the  production 
departments  to  establish  data  based  on  production  techniques  and 
equipment,  increase  production  '•;<nov:  how”  and  reduce  the  usual 
laboratory  to  manufacturing  ti-ansition  problems  when  the  new 
alloys  are  released  for  production  parts. 

2.  MATERIAL  FREPARATIONt  During  the  shearing,  sawing  and  preparation 
of  edges  of  formability  test  specimens  from  sheet  of  both  alloys 

the  time  consumed  and  results  were  very  similar  to  the  8  Mn  Titanium. 
Requirements  for  edge  preparation  and  cleaning  will  be  established 
upon  completion  of  the  fom ability  tests.  At  this  time  it  would 
appear  that;  power  brake  formed  parts  would  be  deburred  by  hand  or 
by  tumbling  and  shrink  and  stretch  flanges  of  formed  parts  would 
require  polished  edges,  cleaning  of  the  alloys  can  be  accomplished 
by  the  use  of  a  uninhibited  heavy  duty  alkaline  cleaner  followed  by 
a  cold  top  water  rinse. 

2.1  Unless  otherwise  noted  in  the  presentation  of  data  for  specific 
evaluations  the  surface  condition  of  specimens  are  "as  received” 
for  tJie  formability  tests. 
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3.  BEND  TESTS 

3.1  General I  Bend  tests  were  conducted  at  room  temperature  using  con> 
ventlonal  production  power  brakes  and  tooling  on  longitudinal  and 
transverse  bend  and  surface,  short  bends  and  long  bend  specimens 
testing  of  all  gages  of  both  alloys.  Specimens  were  formed  through 
105®  with  the  surfaces  alternated  to  determine  the  extent  one  sur¬ 
face  versus  the  other  affects  the  minimum  bend  radii  as  veil  as  the 
relationship  of  the  bend  axis  to  the  final  rolling  direction  of  the 
sheet. 

Results i  The  effect  the  varying  of  the  sui'faces  of  the  sheet  had 
on  establishing  minimum  bend  radii  was  negligible.  The  relation¬ 
ship  of  the  specimen  bend  axis  did  affect  the  minimun  bend  radii 
by  as  much  as  IT  for  some  sheets  of  both  alloys.  Reference 
Figures  3  and  b  pages  60  and  6l  N.A.A.  Sheet  numbers  65,73  and  7li. 

3.2  Minimum  Bend  Radii i  The  minimum  bend  radii  obtained  by  N.A.A.  range 
from  3.0  to  6.0T  for  the  7-12  alloy  and  2.5  to  li.OT  for  the  5-5-5 
alloy.  Reference  Figure  3  and  I,  page  60  and  61 .  Target  bend  radii 
is  U.5T  to  .070  gage  and  5.0T  above  .070  for  the  5-5-5  «nd  5T  for 
all  gages  of  the  7-12  alloy.  Efforts  arc  being  made  to  determine  the 
reason(s)  for  the  6.0T  bend  radii  for  N.A.A,  Sheet  #69,  T.M.C.A. 
supplied  7-12  alloy, ,090  gage,  heat  V1787B,  Sheet  #A7190-2,  which  is 
the  only  sheet  that  exceeded  the  target  minimum  bend  radii  for  the 
alloys.  The  first  step  was  to  pickle  .003  from  each  surface  and  sub¬ 
ject  the  specimen  to  bend  testing.  This  cycle  was  repeated  until  a 
total  of  .012  had  been  removed  from  each  sut'face  with  a  0.5T  improve¬ 
ment  in  minimum  bend  radii.  Otlier  investigations,  such  as  detemining 
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the  oxygen  content  of  the  sheet,  will  be  conducted  to  determine 
if  the  bend  radii  obtained  for  this  sheet  is  to  be  expected  for 
this  alloy.  Should  the  sheet,  N.A.A.  #69,  be  proven  the  exception 
and  removed  from  the  bend  test  data  obtained  by  N.A.A.  for  the 
7-12  alloy  the  folloving  would  apply. 


ALLOY 

MINIMUK  BLND  RADII 

7-12 

1*.5T 

5-5-5 

li.OT 

3.3  Sprlnp-backi  The  spring-back  data  for  the  alloys  did  not  esta¬ 
blish  a  pattern  for  the  L  &  T  specimens  of  any  given  gage  of  either 

alloy  during  the  bend  tests.  Spring-back  varied  from  9  to  18®  for 
the  5-5-5  alloy  and  6  to  23®  for  the  7-12  alloy.  Spring-back  data 

will  be  recorded  for  the  remaining  formability  tests  and  plotted  by 
alloys,  gages  and  direction  of  the  bend  axis  to  the  final  rolling 
direction  of  the  sheet.  The  intent  is  to  obtain  a  pattern  for  the 
relief  of  foiuing  tools  to  compensate  for  spring-back. 

3.h  Comparison  of  Supplier  and  N.A.A,  Bend  Radiii  N.A.A. 's  minimum  bend 
radii  are  larger  for  the  majority  of  sheets  than  the  minimum  bend 
radii  reported  by  the  suppliers.  This  may  be  due  to  N.A.A.  reporting 
the  actual  radii  formed  in  the  specimens  versus  the  suppliers  re¬ 
porting  the  radius  of  the  punch  used  for  bend  tests.  Reference 

Pages  7  and  6,  paragraph  I4.8  for  a  comparison  of  N.A.A.  and  suppliers 
minimum  bend  radii 


rORM 
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Figures  3  and  Ut  The  percentages  of  production  acceptable  bends 
given  In  Figures  3  end  I4,  pages60  &.  6l  arc  based  on  a  range  of  a 
minimum  of  six  bends  for  the  "zero"  percentages  posted  to  a  maxi¬ 
mum  of  thirty  bends  for  the  100  percent  postings.  The  approxi¬ 
mate  number  of  bends  total;  1000  for  the  7**12  alloy  and  eight 
hundred  for  the  5-5-5  alloy. 

FOHKABILITY  TE.STS  TO  BK  CONDUCTED;  The  bend  test  data  presented 
represents  the  formability  tests  completed  during  this  reporting 
period.  The  remainder  of  the  Font  ability  Tests  (Reference  Paragraph 
1  j  page  56  )  will  be  completed  and  reported,  including  data 
obtained,  conclusions  and  recommendations,  in  the  next  reporting 
period  of  26  April  1962. 


SPECIMEN  BEND  RADII  VS  THICKNESS 


XTNIKUM  BEfD  RADII  -  5AL.  -  5Sn.  52r.  ALLOT  -  TWJA  MATERIAL 
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This  Appendix  I?  outlines  the  Killing  end  Drilling 
tests  to  be  conducted  under  this  progrem. 
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1*  INTRODUCTION t  The  infox*mation  presented  herewith  Is  an 

outline  of  the  test  program  to  determine  the  drilling  and 
stilling  characteristics  of  $Al-5Sn-5Zr  and  7Al-12Zr  and  the 
status  of  the  Investigation  to  date. 

2.  PURPOSE!  The  material  and  cutting  surface  configuration  of 
drills  and  end  mill  cutters  will  be  varied  to  determine  what 
set  of  conditions  will  give  the  best  tool  life  and  surface 
finish  on  the  material  being  tested. 

3.  STATUS  OF  TEST  PROGRAM!  The  evaluation  of  drills  is  approxL- 

nately  thirty  percent  complete;  however,  the  results  obtained 
to  date  are  of  a  statistical  nature  and  are  not  considered 
reportable  at  this  time. 

The  evaluation  of  end  mills  has  not  been  started. 

1(.  TEST  PROCEDURE! 

U*1  General! 

Materials  -  5Al-5Sn>5Zr  Titanium  Alloy 

7Al-12Zr  Titanium  Alloy 

Gage  •  .125  inches 

Specimen  Size  -  h  X  7  inches 

li.2  Drilling  Test!  A  number  30  drill  will  be  used  to  drill  holes 

through  the  .125  inch  test  specimen. 

Drill  Materias  -  K7 

K3  (Type  II) 

Drill  Performance  -  will  be  rated  by  the  number  of  holes  drilled 
before  the  hole  is  considered  to  be  under  or  overslse,  has  exoes- 
sive  burr,  or  the  drill  breaks. 


63 


North  American  aviation.  Inc. 

CeUfMMM  BIVMION 

_ COLWMW  U.  OHIO 


11A57H-S27-16 

inModix  IT 


The  Box-Va.lson  Surfece  Responsee  statistical  method  vill  be 
used  to  eTaluate  the  drills^  eoploylng  the  following  varl- 


eblest 

a.  Speed 

e. 

Point  Angle 

b.  Feed 

f. 

Part  Temperature 

e.  Coolant 

Clearance  Angle 

d.  Web  Thinning 

h.3  MILLING  TESTSt  Killing  tests  will  be  performed  on  .125  inch 

panels  stacked  to  a  height  of  one  inch. 

Bad  Mill  Size  •  4  inches 

End  Mill  Materials  •>  M-2  Standard  High  Speed  Steel 

T«l$  Tool  Steel 

End  Mill  Performance  vill  be  rated  according  to  the  number  of 
inchei  traversed  at  a  .125  inch  depth  of  cut^  before  a  .010  inch 
wide  wear  land  develops  or  the  surface  finish  is  not  considered 
acceptable. 

^•3.1  The  Box'V.ilson  Surface  Response*  statistical  method  will  be  used 
to  evaludie  the  end  mills,  taking  into  account  the  following 
variables] 

a.  Speed  e.  Secondary  Angle 

b.  Feed  f.  Part  Temperature 

c.  Coolant  g.  Primary  Land  Width 


The  Box-Wilson  Surface  Response  work  sheet  is  a  two-factorial 
statistically  designed  experiment  to  determine  optimum  condi¬ 
tions. 
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FUTURE  WORKt  Machinability  evaluations  will  be  completed 
and  raported  in  the  next  reporting  period  of  28  April  1962 
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ABSTRACT 


The  dlitqpling  tests  conducted  to  date  indicate 


that  single  action  equip«ent  is  not  capable  of 
(lijq>ling  the  alloys* 
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INTRODUCTION t  Presented  herewith  is  an  outline  of  the  test 
program  to  determine  dimpling  characteristics  of  5Al-5Sn-5Zr 
and  7Al-12Zr  titanium  alloys  and  the  status  of  the  Investi¬ 
gation  to  date. 

PURPOSE!  Determine  If  dimples  of  acceptable  quality  can  be 
produced  using  standard  dimpling  equipment  and  dimple  dies. 

STATUS  OF  TEST  PROGRAM!  To  date  several  tests  have  been  con¬ 
ducted  on  single  action  and  triple  action  equipment  to  esta¬ 
blish  the  scope  of  the  test  program.  It  appears  that  the 
single  action  equipment  may  not  be  capable  of  dimpling  either 
of  the  materials  or  gage  thickness  to  be  tested.  Cracked 
dimples  were  obtained  both  at  room  temperature  and  800  F.  On 
the  triple  action  dlmpler  It  may  be  possible  to  produce  crack- 
free  dimples  at  600  F.  The  testing  program  now  in  progress  is 
not  complete  enough  for  reporting  at  this  time. 

TEST  PROGRAM  OUTLINE 
General 

Materials  -  $Al-5Sn-5Zr  Titanium  Allqy 

-  7Al-12Zr 

Gage  Thiokness  (I.  ches)  -.020 

.OI4O 

Specimen  Size  -  1  X  6  Inch  test  strips 

Dluple  Size  -  Number  10  screw  (unless  otherwise  noted) 

Equipment  -  Stationary  -  Single  Action 

Triple  Aetimi 
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1(.2  Establish  Machine  Settings!  Machine  settings  (heat,  dwell  time, 

pressure)  will  be  varied  in  a  logical  manner  to  establish  para¬ 
meter  which  will  produce  dimples  that  are  crack-free  and  will 
net  distort  the  test  piece. 

In  addition  to  visual  examination,  specimens  vlll  be  subjected 
to  penetrant  inspection  and  macroexaidnatlon. 

5.  FUTUttS  WORK:  The  dimpling  results  obtained,  conclusions  and 

recommendations  will  be  presented  in  the  next  progress  report. 
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ABSTRACT 

The  super  alpha  titanium  5-5-5  and  7-12  alloys  have 
good  weldability.  Sound  velds  can  be  produced  by  usual 
pickle  cleaning  of  the  alloys  and  drav;  filing  of  the 
edge  or  Joint  preparation  prior  to  welding.  Both  manual 
and  machine  gas  tungsten  arc  welding,  using  sheared  strips 
of  sheet  for  filler  metal  have  been  satisfactory. 
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1.  INTRODUCTION >  The  evaluation  of  the  fabrication  characteristics 
of  the  Ti-5Al-5Sn-5Zr  and  Ti-7Al-12Zr  super  alpha  alloys  vill 
include  fusion  welding  by  the  gas  tungsten  arc  process  to  deter¬ 
mine  weldability,  elevated  temperature  static  strength  and  creep 
properties  of  weldnents,  and  veld  metal  quality  of  the  alloys. 

Welds  vill  be  made  in  each  alloy  in  .OhO**  and  .12^"  nominal  thick¬ 
nesses  for  veldability  trials,  veld  quality  examinations,  and 
static  mechanical  property  tests;  and  in  .090”  thickness  for  creep 
tests.  Manual  and  machine  gas  tungsten  arc  velds  were  made  in 
each  alloy  and  thickness  to  establish  weld  parameters. 

2.  RESULTS  OF  TESTS  OF  Ti-SAl-5Sn-5Zr  ALLOYt 

2.1  Weldabilityt  Overall  weldability  of  the  alloy  is  excellent 

including  good  metal  flow  and  wetting  of  the  base  metal.  Wblding 
characteristics  of  the  alloy  are  almost  identical  to  those  of  the 
Tl-5Al-2|Sn  alloy.  All  of  the  a'rh>^  alloys  tend  to  bridge  easily 
and  this  characteristic  makes  puddling  and  control  of  the  weld  pool 
relatively  easy, 

2.1.1  The  welding  of  the  5>5-5  alloy  is  not  more  difficult  nor  is  it  dif¬ 
ferent  from  the  welding  of  other  alpha  titanium  alloys.  Hov;ever, 
the  weldability  tests  conducted  and  the  welding  of  the  coiqjons  des- 
oribed  below  will  not  establish  cracking  tendencies  of  the  weld 
metal  or  heat  affected  zone,  because  the  stresses  due  to  restraint 
during  welding  are  relatively  low  in  the  simple  specimen  welds. 
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2*2  Preparation  For  Weldlngi  The  cleanliness  of  the  edge  or  Joint 

preparation  of  all  titanium  alloy  veldnents  is  a  critical  factor 
affecting  soundness  of  the  welds.  The  cleaning  of  the  edge  or 
Joint  preparation  that  is  required  for  either  alloy,  following 
usual  pickling  and  before  welding,  will  be  established.  Initially 
the  welds  were  checked  for  soundness  by  radiography,  as  a  means 
of  comparison.  On  the  basis  of  the  radiographic  studies  all  of 
the  welding  is  being  done  with  adquate  controls  to  insure  that 
good  weldments  are  produced  for  mechanical  testing. 

2.2.1  The  pickling  treatment  used  for  descaling  and  cleaning  the 
Tl>5Al-5Sn-$Zr  was  the  same  as  normally  used  for  alpha  titanium 
alloys.  That  is,  a  nltric-hydroflouric  solution  was  used  with 
variations  In  time  to  effect  either  descaling  or  simple  cleaning. 

The  treatment  seems  to  be  adequate  for  both  super  alpha  alloys. 

2.2.2  The  conpletlon  preparation  of  S'S-S  alloy  specimens  for  welding 
was I  (1)  The  coupons  were  thoroughly  cleaned  (or  descaled  If  neces* 
saiy)  by  pickling  after  machining,  (2)  absolute  cleanliness  of  the 
details  was  maintained  after  pickling,  (3)  the  edge  or  Joint  prepare* 
tion  was  draw  filed,  and  (I4)  adequate  inert  gas  shielding  of  the 
root  of  the  weld  and  trailing  the  weld  was  provided  for  the  time  the 
weld  was  $00  degree  F  or  above  that  temperature.  (This  includes 
protection  of  the  molten  metal  by  welding  in  an  inert  gas  filled 
welding  Qbamber) • 
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2  *2 *3  The  argon  gas  filled  welding  chamber  was  used  for  the  welds 

exploring  the  edge  preparation  requirements.  Using  the  chamber 
virtually  eliminated  the  possibility  that  porosity  or  contaminants 
night  be  Introduced  in  the  welds  by  poor  shielding  during  welding. 
Thus,  radiographs  of  velds  made  on  stock  *which  had  been  pickle 
cleaned  were  compared  with  radiographs  of  welds  made  using  more 
effective  cleaning.  Pickling  only  is  satisfactory  for  some  alloys 
in  some  instances, . but  was  not  enough  preparation  for  the  5-^-5 
alloy.  Less  porosity  was  evident  in  the  welds  which  were  made  in 
stock  which  had  draw  filed  edges  and  Joint  preparation. 

2.2.U  It  w'as  possible  to  produce  reasonably  sound  welds  in  pickled>only 
material  by  manual  welding  if  the  veld  was  puddled.  However,  this 
teohnlque  introduces  more  heat  into  the  part  and  should  be  avoided 
since  more  contaminants  will  be  taken  into  solution  in  the  titanium 
weld  metal  in  direct  ratio  to  the  time  the  weld  remains  hot. 

2.2.5  The  results  of  the  tests  as  determined  from  radiographic  examina¬ 
tions  were  that  the  welds  made  in  stock  having  draw  filed  edges 
and  Joint  preparation  ve]*e  decidedly  more  sound  than  others.  The 
mechanical  property  tests  yet  to  be  completed  will  provide  addi¬ 
tional  data  for  the  evaluation  of  preweld  preparation  reqiuirements . 

2.2.6  In  addition  to  the  weld  soundness  checks,  the  quality  of  welds  in 
eaoh  alloy  will  be  further  studied  by  metallographlo  examinations 
and  hardness  surveys. 
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2.3  Mechanical  Property  Tests »  Mechanical  properties  of  the  welds 

In  both  alloys  will  be  established  by  static  tensile  and  bend 
tests  of  welded  coupons.  A  second  heat  of  each  alloy  will  be 
used  for  similar  but  less  extensive  tests  to  determine  If  minor 
variations  In  chemical  compositions  will  cause  strength  and  ducti¬ 
lity  variations.  The  static  tensile  tests  will  be  conducted  at 
room  temperature,  900®  and  1100®F. 

2.3.1  Creep  specimens -will  be  welded  in  each  alloy  for  comparison  with 
the  unwelded  creep  specimen  tests.  The  thickness  of  the  unwelded 
specimens  will  be  .090**  and  the  welded  specimens  will  be  nominally 
the  same  thickness  and  will  be  made  In  the  same  heats  of  sheet 
Insofar  as  possible. 

2.3.2  Welding  of  the  S-S-S  alloy  for  welded  mechanical  property  speci¬ 
mens  has  been  coiig)leted.  This  Includes  (1)  welds  made  In  the 
argon  filled  welding  chamber,  under  best  conditions  of  shielding, 

(2)  manual  >«lds  made  outside  the  chamber  with  usual  root  and 
trailer  gas  shielding  and  (3)  machine  welds  made  for  comparison  axul 
for  elevated  temperature  tests.  The  machine  velds  were  the  most 
numerous.  Each  set  of  tensile  and  bend  specimens  has  been  welded 
In  .OUO"  and  .125"  thick  sheet,  and  the  creep  specimens  were  made 
In  .090"  thick  stock. 

2.3.3  The  welded  alloy  specimens  are  In  the  process  of  being 

machined.  This  part  of  the  work  Is  about  half  completed. 
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2.3«lj  All  of  the  velds  require  filler  metal  to  complete  the  Joints. 

Filler  vire  vas  not  available  in  the  5-5-5  alloy;  therefore 
strips  1/8”  to  3/16"  vide  vere  sheared  from  the  .OliO”  sheet  to 
be  used  for  filler  metal  in  the  velds.  Using  sheared  strips  for 
fillei-  metal  required  that  the  machine  velds  as  veil  as  the  manual 
welds  be  made  by  feeding  the  filler  netal  in  by  hand  as  the  veld 
progressed.  The  sheared  strips  vert  thoroughly  cleaned  and  care¬ 
fully  harsdled  and  stored.  Hov.ever,  any  sheared  titanium  edge  on 
fillei-  netal  or  on  the  base  materjal  used  as  the  Joint  preparation 
is  suspected  of  causing  some  porosity  in  the  velds.  Although  the 
velds  made  have  been  reasonably  sound,  this  factor  must  be  considered 
when  the  data  are  evaluated. 

3.  RESULTS  OF  TESTS  OF  Ti  7Al-122r 

3.1  y  Idabilltyt  The  weldability  of  the  7-12  alloy  is  excellent  both 
by  manual  and  machine  gas  tungsten  arc  welding.  The  metal  flows 
and  wets  well  and  has  the  same  characteristics  as  the  alpha  titan¬ 
ium  alloys  such  as  Ti-5Al-2,5Sn  and  the  Ti-5Al-5Sn-5Zr.  As  vdth 
those  alloys  the  molten  7-12  alloy  bridges  easily  and  is  easy  to 
puddle  and  control. 

3.1.1  The  tests  for  weldability  with  the  7-12  alloy  were  the  same  as  those 
for  the  5-5-5.  The  welding  was  not  difficult,  either  by  manual  or 
machine  methods,  and  was  very  similar  to  welding  other  alpha  titanium 
alloys.  The  coupons  welded  for  the  mechanical  property  tests  do  not 
refleot  cracking  tendencies  of  the  alloys. 
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3.2  Preparation  for  Weldlngt  The  same  pickling  treatment  is  satis¬ 

factory  for  descaling  and  cleaning  the  Ti-7Hl-12Zr  alloy  as  used 
on  other  alpha  titanium.  A  nitric-hydroflouric  solution  is  used 
for  different  lengths  of  time  to  descale  or  simply  clean. 

3.2.1  The  Ti-7Al-12Zr  alloy  should  be  prepared  for  voiding  by  (1) 
cleaning  thoroughly  by  pickling,  (2)  maintaining  absolute  cleanliness 
during  setup  and  handling,  (3)  drav  filing  the  edges  to  be  Joined 
and  (1.)  providing  adequate  protection  of  the  veld  area  from  the  air 
vhlle  it  is  hot,  by  inert  gas  shielding  devices. 

3.2.2  Welds  made  in  the  Ti-7Al«12Zr  alloy  to  check  on  the  cleaning  of  the 
edge  preparation  verc  also  made  in  the  inert  gas  filled  welding 
chamber.  Reasonably  sound  velds  verc  made  on  stock  which  was  pickle 
cleaned  only,  by  manual  welding,  but  the  most  consistently  soxind 
welds  were  obtained,  as  with  other  titanium  alloys,  by  draw  filing 
the  edges  to  be  Joined.  The  results  are  based  on  radiographs  of 
the  velds,  but  additional  data  will  be  provided  by  the  evaluation 

of  the  welds  made  for  mechanical  property  tests. 

3.3  Mechanical  Property  Specimens!  Welds  for  mechanical  property  test 

specimens  in  the  Ti-7Al-12Zr  alloy  are  not  completed.  The  welds 
made  in  the  welding  chamber  to  establish  cleaning  requirements, 
and  for  comparison  with  welds  made  outside  the  chamber,  have  been 
completed.  The  manual  and  machine  welds  being  made  outside  the 
chamber  arc  each  about  half  completed.  The  thicknesses  being 
welded  are  .OhO"  and  .12^"  for  tensile  and  bend  specimens  and  .090" 


for  the  creep  specimens. 
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3# 3*1  All  of  the  velds  require  that  filler  metal  be  added  to  the  Joint. 

Filler  wire  of  the  same  composition  was  not  procureable  so  .OliO" 
thick  strips  sheared  to  about  1/8"  vldth  are  being  used.  These 
strips  are  cleaned  as  thoroughly  as  possible  by  pickling  and  wiping 
with  solvents,  and  protected  by  careful  handling  and  storage  before 
use.  However,  sheared  titanium  edges,  are  suspected  of  being  a 
source  of  porosity  when  presented  In  the  welding  zone  either  on 
the  filler  metal  or  as  the  base  plate  edge  preparation.  This 
variable  must  be  considered  in  the  eventual  evaluation  of  weld 
specimen  data. 

li*  FUTURE  EVALUATIONS I  Fusion  welding  evaluations  as  set  forth  In 

Paragraph  1  will  be  completed  and  reported  In  the  next  reporting 
period  of  28  April  1962* 
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ABSTRACT 


Rerlstance  welding  tests  are  outlined 


in  the  Appendix  and  preliminary  data  indicates 
that  the  5-5-S  alloy  has  a  higher  Tension/Shear 
Ratio  than  the  7-12  alloy. 
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INTRODUCTION!  Presented  herevdth  is  an  outline  of  the  test 
program  for  evaluating  spot  welds  and  seam  welds  in  5Al-55n>5Zr 
and  7Al-12Zr  titanium  alloys  and  the  status  of  the'  investi¬ 
gation  to  date. 

PURPOSE!  The  purpose  of  the  test  program  is  to  evaluate  the 
follovdng! 

(a)  The  effects  of  machine  settings  on  spot  weld  quality. 

(b)  The  effects  of  elevated  temperature  on  spot  weld  strength, 
(e)  The  strength  of  spot  welds  at  elevated  temperature. 

(d)  The  strength  of  seam  veld  Joints. 

STATUS  OF  TEST  PROGRAIi!  Preliminary  tests  have  been  conducted 
to  evaluate  the  effects  of  machine  settings  on  weld  quality. 

The  tests  were  conducted  using  .OliO  inch  5Al-5Sn-$Zr  and  7Al-12Zr 
titanium  alloys.  The  test  results  are  not  complete  enough  for 
reporting  at  this  time.  There  are,  however,  three  general  con¬ 
clusions  which  may  be  drawn.  These  are  (1)  5Al-^Sn-5Zr 
titanium  alloy  in  general  has  a  higher  Tension/Shear  Ratio  than 
7Al-12Zr  titanium  alloy)  (2)  using  the  same  machine  settings  the 
two  alloys  are  not  interchangeable  when  lap-shear  strength  is  the 
orlterlon)  and  (3)  the  two  alloys  do  not  appear  to  be  eueoeptible 
to  oraoking. 


NORTH  American  Aviation.  Inc. 

CakUMMia  DIVMION 

COCUMim  l«.  OHIO _ 


iA57H-527-l6 

A|)^ndlx  VZI 


1,.  TEST  PROOMM  OUTLlNBt 

General t 

Materials  -  5Al-5Sn-5Zr  Titanium  Alloy 

-  7Al-12Zr  Titanium  Alloy 


Gage  niiokness  (Inohes) 


-.020  .090 

..OI4O  .125 

-.063 


U.l 


Combinations  to  be  Welded  -  Two  pieces  of  the  same  gage 

and  alloy  will  be  welded  to 
make  a  single  joint. 

Quality  Requirements  -  Wherever  possible  the  requirements 

of  Military  Specification  MlWrf- 
6658b  will  be  eompliod  with  during 
this  investigation. 

Test  Speclment 

Type  •  Spot  Welds  •  Up  Shear 

Cross-Tension 

Tensile  -  "0"  Type  per  Federal 
Standard  l5l 


Site  •  Spot  Welds  Test  Strips 

-  Uss  than  .100  inch  -  1  X  3  inches 
More  than  .100  inch  -  1^  X  U  inches 

Tensile  -  1  X  6  inch 

NOTE!  For  tests  conducted  at  elevated  temperature,  specimen 

length  is  adjusted  to  satisfy  furnace  requirements. 

Type  Welding  Equipment  To  Be  Used  -  Freqdsnoy  Converter  Type. 
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U.2  Spot  Welding: 

Establishment  of  Machine  Settings;  For  each  gage  and  material 
noted«  machine  settings  vhlch  control  current,  veld  time,  and 
pressure  will  be  varied  to  determine  their  effect  on  weld  quality. 
For  each  condition  to  be  tested,  three  lap-shear  specimens,  two 
cross-tension  specimens,  and  one  three-spot  macrospecimen  will  be 
made  and  tested.  The  macrospecimen  will  be  subjected  to  radio- 
graphic  examination. 

lj.3  Elevated  Temperature  Testt  Elevated  temperature  tests  are  to  be 

conducted  on  the  materials  noted  using  a  thickness  of  0.01^0  inch. 
The  tests  shall  consist  of  the  followings 
Three  lap-shear  specimens  shall  be  made  and  tested  at  800  F, 

1000  F  and  1200  F. 

Three  lap-shear  specimens,  two  cross-tension  specimens  and  one 
three- spot  macrospecimen  shall  be  welded  and  subjected  to  the 
following  temperatures  and  times t 

Temperature  (F^  Time (Hours) 


800 

50 

100 

200 

liOO 

1000 

1000 

50 

100 

200 

1*00 

1200 

50 

100 

200 

HOTEt  Two  standard  tensile  test  specimens  will  be  subjected 
to  the  elevated  temperatures  with  each  group  of  spot 
welds  to  determine  the  effect  of  the  heating  cycle  on 
the  base  material. 
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l(.lt  Seam  Welding i  Seam  welding  tests  will  be  conducted  using  .090 

inch  thickness  in  both  alloys  tested.  The  purpose  of  the  test 
is  primarily  to  determine  Joint  efficiency.  The  determination 
will  be  made  by  testing  a  minimum  of  three  specimens  of  each  type 
shown  in  Figure  5.  page  82. 

5.  FUTURE  VJORKt  Resistance  welding  evaluations  will  be  completed  and 

and  reported  in  Progress  Report  #17. 
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FIGUKE  $ 

Seam  Veld  Test  Speeliuen  Types 
(Actual  Size) 


North  American  Aviation.  Inc. 

eOLUMMM  SIVniON 

C01.UWU>  jf .  WIC _ 

IU5711-$27-l6 


APPENDIX  VIII 


D(H)  HIGH  STREKCSTH  TITANIW 
ALLOT  SHEET  RESEARCH  PROGRAM 
Contract  NOas  57*785<l 
Aatborliad  Dlatrlbntion  List 


North  American  Aviation.  Inc. 

— CMIfU*  BIVMION 

_____  COLUMBUS  U.  OHIO 


DISTRIBUTION  LIST 


Appendix  VIII 


1.  National  Academy  of  Sciences,  Materials  Advisory  Board 
2101  Constitution  Avenue,  Washington  2$,  D.  C. 

Attnt  Dr.  V.  J.  Harris,  JT.,  Mr.  L.  L.  Qould 

2.  Convair 

San  Diego,  California 
Attnt  Mr.  S.  R.  Carpenter 

3.  New  Tork  University,  College  of  Engineering 
University  Heights,  Mew  Tork  $3,  New  York 
Attn:  Dr.  George  Gerard 

It.  Boeing  Aircraft  Company 
Seattle,  Washington 
Attnt  Mr.  T.  H.  Gray 

5.  Amour  Research  Foundation,  Teohnology  Center 
Chicago  16,  Illinois 

Attnt  Dr.  Donald  J.  McPherson 

6.  United  Aircraft  Corporation 

Pratt  &  Whitney  Division,  East  Hartford,  Conneotlout 
Attnt  Mr.  N.  Winston  Sharp 

7.  North  American  Aviation,  Incorporated 
Inglewood,  California 

Attnt  Mr.  L.  P.  Spalding 

6.  Republic  Aviation  Corporation,  Pamingdale 
Long  Island,  Mew  Tork 
Attnt  Mr.  Robert  Wichser 

9.  National  Btireau  of  Standards 

Connecticut  Avenue  and  Van  Mess  Street,  N.  W. 
Washington  2$,  D.  C. 

Attn:  Dr.  William  Touden 
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10.  CO  Watertown  Arsenal 
Waterto>/n  72,  Massachusetts 
Attnt  Mr.  S.  V.  Arnold 

11.  WADC  (WCLTL) 

Attnt  Mr.  Howard  Mlddendorp 

12.  Air  Material  Command  (ASC) 

Wrl^t  Patterson  Air  Force  Base,  Ohio 
Attnt  Mr.  R.  Jameson  (IMBK) 
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13,  Titanium  Metals  Corporation  of  Amerioa 
TorontOi  Ohio 

Attnt  Hr.  Harold  Kassler  1 

II4,  Mallory  Sharon  Titanium  Corporation 
Miles,  Ohio 

Attnt  Dr.  Dillon  Evers  1 

15.  Crucible  Steel  Company  of  America 
Midland,  Pennsylvania 

Attnt  Dr.  Howard  Clark  1 

16.  Battelle  Memorial  Institute 
Columbus,  Ohio 

Attnt  Mr.  H.  R.  Ogden  &  Dr.  R.  I.  Jaffee  2 

17.  WADC,  Wright  Patterson  Air  Force  Base,  Ohio 
Materials  Laboratory 

Attnt  Mr.  Edwai^l  Dugger  1 

18.  Oruamn  Aircraft  Engineering  Corporation 
Bethpage,  L.  I.,  Mew  Tork 

Attnt  Mr.  Francis  X.  Drunm  1 

19.  University  of  Syracuse,  Research  Institute 

Attnt  Dr.  Oeorge  Sachs  1 

20.  Chance-Vought  Aircraft,  Inc. 

Dallas,  Texas 

Attnt  Mr.  John  W.  Seeger  1 

21.  Aircraft  Industries  Association 
7660  Beverly  Boulevard 

Los  Angeles,  California 

Attnt  Mr.  H.  D.  Moran  7 

22.  Office  of  Assistant  Secretary  of  Defense 

Attnt  Research  and  Engineering  1 

23.  Cooimandlng  Officer,  Diamond  Ordnance  Fuse  Laboratory 
Washington  25,  D.  C. 

Attnt  Technical  Reference  Section  -  0RDTL*012  1 

2lt.  Maval  Air  Material  Center 

Aeronautical  Materials  Laboratory 

Philadelphia  12,  Pennsylvania  1 
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2$,  Bureau  of  Ordnance  (RE«o)  Dept  of  Navy 
Washington  2$,  D.  C. 

26.  Bureau  of  Ships  (Code  3li3)  Dept,  of  Navy 
Washington  2S«  D.  C- 

27.  Office  of  Naval  Research  (Code  li23) 
Washington  2$,  D.  C. 

28.  Naval  Research  Laboratory 
Metallurgy  Division 
Washington  25,  D.  C. 

29.  National  Aviation  and  Space  Agency 
Washington  25,  D.  C. 

30.  Harvey  Aluminum  Company 
19200  Southwestern  Avenue 
Torrence,  California 

31.  Lockheed  Aircraft  Corporation 
Structural  Research  Laboratory 
Marietta,  Georgia 

Attnt  Mr.  P.  J.  Hughes 

32.  Convair  Astronautics  Division 
General  Dynamics  Corp. 

San  Diego  12,  California 

Attni  A.  BurUch  (Mall  Zone  59^-20) 

33*  Convair 

A  Division  of  General  Dynamics  Corp. 

Fort  Worth,  Texas 

Attnt  Mr.  W.  0.  Sunafrank  (Dept.  23-2) 

3U.  Republic  Steel  Corporation 
Central  Alley  District 
Masoilon,  Ohio 
Attnt  Mr.  Ton  Perry 

35*  Titanium  Metals  CorporatlMt  of  America 
Mew  York  7,  New  York 
Attnt  E.  F.  Erbin 

36.  Lockheed  Missiles  and  Space  Division 
3251  Hanover  Street 
Palo  Alto,  California 
Attnt  Mr.  W.  A.  Kozumplik,  Manager 
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REFERENCES 

(Relative  to  the  super  alpha  titanium  sheet  alloys  evaluations) 

Progress  Report  letter,  6lClii758,  dated  21^  July  1961.  Reporting  no 
progress  due  to  lack  of  material. 

Progress  Repoi-t  ^1$,  letter  61CL7332,  dated  20  October  1961.  Reportir^g  no 
progress  due  to  delay  in  receiving  matexlal. 

CONTRIBUTORS 

N.A.A.  Columbus  personnel  responsible  for  specific  evaluations 
and/or  contributing  d«ta  under  this  program  arot  , 


Name 

M.  C.  Clapp 
C.  C.  Lavson 
J.  E.  Lott 

C.  A.  MacMillan 
R.  R.  Richison 

D.  M.  Rosenbaum 
R.  W.  Steur 

L«  P*  Streett 


Title 

Welding  Engineer 
Sr.  Development  Engr 
Welding  Engineer 
Research  Engineer 
Associate  Engineer 
Research  Engineer 


Responsibility 
Fusion  VJelding 
Machinability 
Resistance  V-elding 
Metallurgist 
Dimpling 

Metallurgical  Laboratory 


Specialist  Metallurgical  Mechanical  Testing 
Industrial  Engineer  Manufacturing  Liaison 
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